This systematic review and meta-analysis (MA) aimed to verify the capacity of different storage media to preserve viability of periodontal ligament cells in comparison to Hank's Balanced Salt Solution. The searches, selection process, data extraction and Risk of Bias control were conducted according to Preferred Reporting Items for Systematic Review and Meta-Analysis guidelines. Five MA were conducted to compare the cell viability between milk versus Hank's balanced salt solution (HBSS) in a dichotomous (1) .12]; p = 0.11; I2 = not applicable). This systematic review and MA suggests that milk and herbal medicines could represent an alternative to HBSS. However, more studies are necessary to obtain a reliable conclusion.
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Introduction
Tooth avulsion is a traumatic injury characterized by the displacement of a tooth from its socket, resulting in the exposure of periodontal ligament cells and disruption of the blood supply to the pulp [1, 2] . Immediate replantation of the teeth is indicated as the treatment of choice in many situations [3] , providing healing to damaged tissue, with activation of clastic activity and rebuilding of periodontal fibers in damaged tissues [4, 5] .
However, in most cases, immediate replantation is impractical due to the circumstances of occurrence and distance to dentists [6] . Therefore, correct storage of the teeth is critical to preserving vital components, such as the periodontal ligament (PDL) cells and root cementum, as well as to reduce bacterial contamination [7] .
The viability of PDL cells is critical to replantation of a tooth after avulsion, and the current evidence shows that this property can be affected by time, type of storage solution, and damage on the root surface [1, 7] .
The efficacy of different solutions in maintaining the viability of PDL cells has been tested. However, a valid answer about the effectiveness of such avulsed tooth storage solutions is still unavailable. Among the different solutions tested, Hank's balanced salt solution (HBSS) has proven to be an active medium for preserving the viability, mitogenicity, and clonogenic capacity of periodontal ligament cells [8] .
This systematic review and meta-analysis aimed to verify the capacity of different storage media to preserve the viability of PDL cells in comparison to HBSS.
Material and methods

Protocol and registration
This systematic review was registered at PROSPERO under the registration code CRD42016033187 and performed according to PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) guidelines (S1 PRISMA Checklist) [9] .
Search strategy and eligibility criteria
The PICO strategy was followed in this systematic review. Studies involving the periodontal ligament cells of human teeth from extraction or avulsion (P) stored in any experimental storage medium described in the literature (I) compared with that stored in HBSS (C), in which the primary outcome was the cell viability in this population (O). Opinion articles, technical articles, guides, and animal studies were excluded.
Searches were conducted in the following electronic databases, without language restriction, until December 2017: PubMed, Scopus, Web of Science, The Cochrane Library, and LILACS, followed by a grey literature search in OpenGrey and Google Scholar. All publications presented in the databases containing a combination of controlled pre-defined MeSH and free terms related to a storage medium for periodontal ligament cells used with Boolean operators (Or, And) to combine searches were retrieved. The previously defined terms were adapted to the rules of syntax of each bibliographic database (S1 Appendix).
After consultation of databases and the grey literature, all records were saved in a reference manager (EndNote, x7 version, Thomson Reuters, United States), and duplicated results were removed from the combination of the results obtained in all the surveyed sources. Additional citations were sought from the analysis of the reference list of all articles previously selected. The searches were conducted by two examiners (NCFF and LOB) and checked by a third examiner (RRL) in cases of disagreement.
After duplicate removal, the titles and abstracts that did not respect the established eligibility criteria were excluded. The resulting articles were evaluated and judged by their full texts.
Data extraction
Data were extracted from the selected articles. A table was used to report the country, year of publication, study design, tooth origins, storage media, viability evaluation, period of storage, and results. This extraction was performed by two examiners (NCFF and LOB) and checked by a third examiner (RRL) in cases of divergence.
If necessary, in the case of absence of information that made data extraction or risk of bias evaluation unfeasible, attempts to contact the authors were made by e-mail. The contact attempt consisted of sending weekly e-mails for up to three consecutive weeks.
Risk of bias
The selected studies were analyzed to determine the risk of bias, according to the Toxicological Data Reliability Assessment Tool (ToxRTool) [10] , of which only the in vitro part was used. The instrument consists of 18 questions divided into five main criteria: Criteria Group I: test substance identification, test system characterization, study results documentation, plausibility of study design, and data. Each question could be answered as 1 (criterion met) or 0 (criterion not met). Additionally, the risk of bias was evaluated based on four central questions: "Is all information on the nature and physico-chemical properties of the test item given, which you deem indispensable for judging the data?"; "Is the number of replicates (or complete repetitions of the experiment) given?"; "Are the statistical methods for data analysis given and applied transparently?"; "Are the quantitative study results reliable?".
At the end of the evaluation, each study was scored as 1 (reliable with no restrictions) for 15-18 final points; 2 (reliable with restrictions) for 11-14 final points; 3 (not reliable or not meeting all criteria) for a score of fewer than 11 final points; or 4 (not assignable) in cases of insufficient documentation for analysis. Studies with final scores of 1 or 2 were considered to have a low risk of bias. Studies with final scores of 3 or 4 were considered to have a high risk of bias. More detailed information about this tool and the criteria used in this review is available in S2 Appendix.
Quantitative synthesis of the results
To carry out a quantitative synthesis of the results, meta-analyses were performed using the RevMan software (Review Manager v. 5.3, The Cochrane Collaboration; Copenhagen, Denmark). The meta-analyses were conducted to assess the relationship between periodontal ligament cell viability and the storage medium. Due to the different parameters analyzed in the studies and the various types of data provided in the results (continuous and dichotomous), five meta-analyses were performed.
Based on the principal comparisons of the included studies, five groups of storage medium were selected for subgroup analysis: milk, tap water, herbal medicines, saline solution, and HBSS (positive control). Thus, five meta-analyses were conducted: to compare dichotomous (1) data on cell viability when cultured cells were incubated in milk or HBSS; to examine continuous data (2) on cell viability when cultured cells were incubated in milk or HBSS; to compare cell viability when cultured cells were incubated in tap water versus HBSS (3); to compare cell viability when cultured cells were incubated in medicinal herbal medium versus HBSS (4); and to compare cell viability when cultured cells were incubated in saline solution versus HBSS (5) . In all meta-analyses, the incubation time of periodontal ligament cells (PDL) considered was up to 1 h of storage in the medium. The 1-h period was chosen as default for this analysis due to the reported efficacy of HBSS during this time [7] . HBSS was used as a comparator in this systematic review.
Depending on the methodology of PDL cell culture, whenever possible, three subgroups were analyzed: removal of PDL cells prior immersion in the storage solution, immediate tooth immersion in the storage solution, and rinsing in tap water or open-air maintenance prior to immersion in the storage solution.
For dichotomous data (1st, 3rd, 4th, and 5th analysis), the prevalence of viable cells, expressed as a percentage of the total, in the primary storage medium was used to calculate the risk ratio (RR) with the 95% confidence interval (CI). For continuous data (second analysis) the average cell viability for each group (experimental and HBSS control) were used to calculate the mean difference with the 95% confidence interval (CI). A fixed-effects model was employed, because of the very small number of studies (five or fewer) included [11] . Heterogeneity was tested using the I 2 index. In cases of high heterogeneity and whenever possible (meta-analysis in which no subgroup had three studies or more, or meta-analysis in which a subset had two studies or more per subgroup), a sensitivity analysis was performed [12] . If some of the information needed for the meta-analysis was absent from any of the selected studies, the authors were contacted to provide the missing data. Three attempts to contact the authors were made for each study. If, after the contact attempts, there was no response from the authors, the study was not included in the meta-analysis.
Results
Study selection and characteristics
A total of 693 records were identified from database searches, and 185 duplicate results were excluded. The 508 titles and abstracts found were evaluated according to the inclusion criteria, and 484 records were eliminated. The full texts of the remaining studies (n = 25) were assessed. Seven studies were excluded from this evaluation: one study was a review article [13] , two studies were conducted on animal teeth [14, 15] , and four studies were excluded due to the absence of evaluation of cells from extracted or avulsed teeth [16] [17] [18] [19] .
A total of 18 articles [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] were selected and included in this systematic review. The selection process is summarized in Fig 1. 
Individual results of the included studies
Among the 18 studies evaluated, the performance of 34 solutions/substances were compared with that of HBSS regarding cellular viability. Bovine milk was used in 11 selected studies [20] [21] [22] [25] [26] [27] 29, 30, 33, 35] , tap water in seven studies [24, [26] [27] [28] 31, 35, 36] , oral rehydration solution in three studies [29, 31, 32] , and egg white in two studies [26, 35] . Other solutions included phytotherapeutic solutions, such as propolis [24, 35, 36] , green tea [33] , Aloe vera [34, 36] , salvia [28] , pomegranate [36] , or even coconut water [37] and goat's milk [35] (Table 1) .
In the studies evaluated, the substances that presented similar or superior performance in comparison with HBSS with respect to cellular viability of the PDL fibroblasts were coconut water [25] , Salvia officinallis [28] , goat milk [35] , yogurt with probiotics [30] , green tea [33] , egg white [26, 35] , DMEM [24, 33] , Oral Rehydration Solution [29, 31, 32] , HBSS supplemented with Chlorophyllin [23] , HBSS augmented with PDGF [21] , and Eagle's minimal essential medium (M-EM) [21, 35] . The results using Aloe vera [34, 36] and propolis [24, 35, 36 ] differed between studies, as shown in Table 1 .
Risk of bias
Among the evaluated studies, eight [24, 27, [30] [31] [32] [34] [35] [36] were categorized as reliable with no restrictions, seven [21] [22] [23] 28, 29, 33, 37] as reliable with restrictions, and three studies [20, 25, 26] as not reliable ( Table 2) .
The risk of bias in studies was assessed based on four main questions. For the first question ("Is all information on the nature and/or physico-chemical properties of the test item given, which you deem indispensable for judging the data?"), seven [25] [26] [27] [28] [29] 35 ,37] studies did not meet the criteria. For the second question ["Is the number of replicates (or complete repetitions of experiment) given?"], 13 studies [20] [21] [22] [23] [24] [25] [26] 28, 29, [31] [32] [33] [34] did not report these data. For the third question ("Are the statistical methods for data analysis given and applied in a transparent manner?"), five studies [20] [21] [22] 28, 33] did not meet the criteria. Finally, for the fourth question ("Are the quantitative study results reliable?"), six studies [20] [21] [22] [23] 33, 34] did not present sufficient explanations of reliability. Considering the final score, 15 studies were classified as having a low risk of bias [21] [22] [23] [24] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] and three as a high risk of bias [20, 25, 26] (Table 2) . • MTT reduction assay;
• Flow Cytometry-cell cycle;
• 
Studies A B C D E F G H I J K L M N O P Q R Criteria Group I: Test substance identification
Was the test substance identified? 
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1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 Are doses administered or concentrations in application media given?
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 Are frequency and duration of exposure as well as time-points of observations explained? 
Quantitative analysis
Eight of the 18 studies included in this systematic review presented their results in percentage (%) of viable cells [20, 22, 24, [26] [27] [28] 31, 34] , eight studies presented in their results as the mean number of vital cells (continuous data) [21, 25, 29, 30, 32, [35] [36] [37] , and in two studies [23, 33] the results were presented only in graphs. Only Rajendran et al. [29] responded to the e-mail contact but did not offer the requested data (percentage of viable cells in the analyzed groups). Due to the differences in presentation of data between the included articles and the absence of a response by e-mail contact, only studies that presented data in % or mean and standard deviation, for an incubation period of up to 1 h in the tested media, were included in the metaanalysis.
A high heterogeneity was found initially for all meta-analyses (1st: I 2 = 98%, 2nd: I 2 = 100%, 3rd: I 2 = 96%, 4th I 2 = 50%, and 5th: I 2 = 99%). For this reason, a sensitivity analysis was per-
formed. This process is described in Table 3 . Four studies [20, 22, 24, 26] were included in the 1st meta-analysis (Fig 2) , comparing the viability of PDL cells stored in HBSS and milk. When Three studies [25, 32, 37] were included in the 2nd meta-analysis (Fig 3) comparing continuous data on the viability of PDL cells stored in HBSS and milk. In all such studies, the tooth was either rinsed in tap water or maintained in open air prior to immersion in the storage Three studies [24, 26, 28] were included in the 3rd meta-analysis (Fig 4) , comparing the viability of PDL cells stored in HBSS and tap water. Independently of the methodological manipulation of PDL cells, HBSS medium showed a superior ratio of cell viability to that of tap water (overall RR 0.26 [0.21, 0.32]; p < 0.00001; I 2 = 96%).
Three studies [24, 27, 28] were included in the 4th meta-analysis (Fig 5) , comparing the viability of PDL cells stored in HBSS and herbal medicines. In all such studies, the PDL cells were removed prior to immersion in the storage medium. As storage media, HBSS and herbal medicines showed similar cell viability ratios (RR 0.97 [0.94, 1.00]; p = 0.08; I2 = 50%).
Two studies [20, 28] were included in the 5th meta-analysis (Fig 6) , comparing the viability of PDL cells stored in HBSS and saline solution. For this meta-analysis, duplicated data [27, 28] were considered only once; therefore, data from Ozan et al. [28] were not included. In both studies, the PDL cells were removed prior to immersion in the storage medium. HBSS showed a superior cell viability ratio to that of saline solution (RR 0.76 [0.69, 0.84]; p < 0.0001; I 2 = 99%).
Discussion
Concerned with the effectiveness of storage medium for maintaining PDL cell viability in avulsed teeth prior to replantation, this systematic review retrieved data on 34 different solutions used for this purpose. HBSS was considered the gold standard for this study. A qualitative evaluation showed that the capacity of HBSS to maintain PDL cell viability was similar or superior to that of coconut water [25] , Salvia officinallis [28] , goat milk [35] , yogurt with probiotics [30] , green tea [33] , egg white [26, 35] , DMEM [24, 33] , Oral Rehydration Solution [29, 31, 32] , HBSS supplemented with Chlorophyllin [23] , HBSS supplemented with PDGF [21] and Eagle's minimal essential medium (M-EM) [21, 35] . On meta-analysis evaluation, HBSS presented a higher level of viable PDL cells in comparison to tap water and saline solutions, and a similar level when compared to herbal medicines. PDL cells are responsible for maintaining the overall integrity of the periodontal ligament, contributing to homeostasis and repair of damaged tissue [38, 39] . In cases of avulsion, transplantation, or intentional extraction of the tooth, it is suggested that the maintenance of PDL cell viability is critical to preventing ankylosis and resorption, in cases of tooth replantation [40] .
In most clinical situations, immediate tooth replantation is not suitable, and the avulsed tooth must be stored [1, 3] . During this storage time, it is important to ensure the maintenance of viability, differentiation, and proliferative capacities of the periodontal ligament cells, along with the preservation of the cemented layer. Among these aspects, this systematic review and meta-analysis focused on the evaluation of the effectiveness of different storage media for maintaining the viability of periodontal ligament cells in comparison to HBSS. Systematic reviews are subsequent studies that can summarize clinical questions based on an evaluation of published studies through a solid method [12, 41] . In this type of study, a quantitative assessment of the problem is possible through a meta-analysis, which compares data from each study in a statistical analysis weighted according to heterogeneity among studies [11] . Thus, this systematic review could help to clarify the evidence in this field, improving the information available to clinicians and society about how to proceed in the clinical situation of tooth avulsion.
Among the selected studies, the process of evaluation of PDL cells followed these patterns: ten studies isolated PDL cells prior to incubation with the storage solutions [20, 21, 23, 24, 27, 28, 31, [33] [34] [35] , and in the remaining eight studies, the PDL cells were removed after incubation [22, 25, 26, 29, 30, 32, 36, 37] . Isolating PDL cells prior to storage in the selected solution may be the nearest approximation of a clinical condition of avulsion or tooth transplantation.
In comparison to HBSS, 34 solutions were used among the 18 studies included (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) , with a time of immersion varying from 15 min to 96 h. Comparison between the performance of the solutions in the different studies presents some obstacles due to this considerable variability in time. It is known that temperature and duration of exposure are factors affecting the performance of storage media [7] .
Among most of the included articles, the incubation temperature in storage medium varied from 20 to 37˚C [21, 23, 24, [26] [27] [28] 31, [33] [34] [35] 37] . Only one study compared the effect of temperature on cell viability [20] , showing better maintenance of viability in milk at room temperature when compared to lower temperatures. Thus, it is considered safe to manipulate the solutions tested in these studies at room temperature.
Whole bovine milk was the most frequently evaluated storage medium applied to maintain the viability of periodontal ligament cells, and it was tested in 11 studies [20] [21] [22] [24] [25] [26] 29, 30, 33, 35] , showing contrasting results. Nine [20, [24] [25] [26] 29, 30, 33, 35] of these 11 studies indicated that milk presented a worse outcome than HBSS. The possible properties responsible for the maintenance of periodontal ligament cell viability were primarily related to its osmolarity, adequate pH, and presence of nutrients [4, 13] . Other forms of milk, such as skimmed milk [35] and lactose-free milk [35] , have the capacity to maintain the viability of the tested PDL cells but also presented worse results than HBSS.
Different herbal/vegetal extracts were tested in the included studies, such as propolis [24, 35, 36] , Salvia officinalis [28] , Morus rubra fruit [27] , Aloe vera [34, 36] , green tea [33] and pomegranate [36] . Except for propolis, which was evaluated by three studies at different concentrations and presented different results [24, 35, 36] , the other solutions presented higher viability of PDL cells than HBSS [27, 28, 33, 34, 36] . The contrasting results presented by propolis could be related to the main characteristics of the solutions in the studies. In one study, which showed better viability of PDL cells than HBSS, a DMEM solution was added to propolis extract [24] . In the other two studies, in which the behavior was worse than that of HBSS, the propolis extract was dissolved in ethanol [35, 36] .
The incomplete reporting of the sample characteristics may represent a pitfall of the included studies. Among the 18 studies, only 9 studies [22, 25, 26, 29, 30, 32, 36, 37] specified the number of human teeth used, which varied from 30 to 130 teeth. Regarding the type of teeth used, most of the studies specified the type [21] [22] [23] [24] [26] [27] [28] [29] [30] [33] [34] [35] [36] [37] , which varied from premolars to third molars. However, it is suggested that the type of tooth employed in the study did not result in significant differences in PDL cells [42] .
The evaluation of PDL cell viability was performed using the Trypan blue dye-exclusion assay in 12 studies [22, [24] [25] [26] [27] [28] [29] [30] 32, 34, 36, 37] , 4 studies [23, 31, 33, 35] used the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay, 1 study used the tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] (MTS) and an electron coupling reagent phenazine methosulphate (PMS), briefly called MTS/PMS reduction assay [21] , and 1 study [20] evaluated PDL cells only by morphologic analysis. One must keep in mind that the Trypan blue exclusion assay is the only one that assess the actual number of viable cells, whereas the other methods only evaluate mitochondrial cell metabolism [43, 44] .
To evaluate the methodological quality of the selected studies, a checklist focused on evaluating the reliability of toxicological data was built [10] . Three studies were classified as having a high risk of bias [20, 25, 26] , which may compromise the presented results. The observed methodological flaws in the included studies were concentrated on the absence of chemical property information [25] [26] [27] [28] [29] 35, 37] , lack of information about replicates [20] [21] [22] [23] [24] [25] [26] 28, 29, [31] [32] [33] [34] , poor description of statistical tests [20] [21] [22] 28, 33] , and inadequate data replication [20] [21] [22] [23] 26, 34] .
The quantitative evaluation was conducted through five meta-analyses. Among these, four substances were compared with HBSS: milk, tap water, saline solutions, and herbal medicines. Milk and tap water presented lower levels of viable PDL cells than HBSS. In most studies, these two substances were used as negative controls due to their inability to maintain pH or adequate nutrients [7, 45] .
The period of storage used in the meta-analyses was up to 1 h. Due to the substantial variation in the period of storage (15 min to 96 h) among studies [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , the selected period seems to be a closer approximation to clinical practice. Overall, the tested substances presented an indirect association between the rates of viability and the exposure time [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
In the quantitative analysis, milk was evaluated in two different meta-analyses. In the overall analysis, HBSS presented the best maintenance of PDL cell viability, which conforms with the results of most of the studies included in this systematic review [20, [24] [25] [26] 29, 30, 33, 35] . However, HBSS presented a similar ratio when the PDL cells were removed prior immersion in the storage solution or rinsed in tap water or maintained in open air prior to immersion in the storage solutions, milk and HBSS presented similar results. These results may be related to the properties of milk and its sensitivity to time and temperature [46, 47] . Moreover, milk has been associated with a high susceptibility to contamination and an inability to retain lost cellular metabolites [13, 30] .
The herbal medicines, when evaluated as a whole, presented similar viability ratios to HBSS. In the included studies, all herbal medicines were associated with antioxidant properties [24, 27, 28] . The main reason pointed out by study authors for the use of these substances was their potential antioxidant and anti-inflammatory properties. However, a lack of evidence was observed associated with the main properties of herbal medicines in dental tissues.
Even though some chemical information on commercial products in many storage media used is unnecessary, critical details of the composition of plant extracts or original experimental solutions are essential to evaluate their effect on the viability of PDL cells [7, 48] . Moreover, although the flaws in data evaluation and analysis observed in the studies included did not compromise the methodological quality as a whole, these problems may induce bias on data analysis [49, 50] .
The main limitation of this study was the high heterogeneity observed through meta-analysis by I 2 index. Four meta-analyses (Figs 2, 3, 4 and 6) presented high heterogeneity values, varying from 96% to 100%. This result indicates the high variability among the included studies, which can compromise the reliability of the conclusion drawn from a meta-analysis [11] . Indeed, more homogeneous studies, with a randomized sample and comparable process of PDL cell evaluation could help to clarify this question.
Conclusion
This systematic review and meta-analysis suggests that some solutions, such as milk and herbal medicine, could represent an alternative means of maintaining the viability of PDL cells prior to replantation of the tooth. Even though additional studies related to the maintenance of PDL cells are still necessary, the current evidence suggests that some solutions could be useful to maintain PDL cell viability. 
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